Abstract: A famous plant polyketide synthase (PKS) is a chalcone synthase (CHS), which catalyzes the formation of naringenin chalcone, a limiting factor for flavonoid biosynthesis. Flavonoids such as naringenin and kaempferol-3-O-(2 ,6 -di-O-p-trans-coumaroyl glucoside) have been identified from the flower extracts of Melastoma decemfidum RoxB. Therefore, a study was conducted to clone and characterize the pks gene from M. decemfidum. A newly isolated full-length cDNA containing the pks sequence (designated MdCHS; GenBank accession No. KF234569) was found to harbour a 1,355-bp open reading frame encoding 392 amino acids. The deduced MdCHS protein, which had a predicted molecular weight of approximately 42.6 kDa, exhibited 89% sequence identity to CHS from Anthurium andraeanum (GenBank accession No. AY232492) and 91% to those from Camellia sinensis (D26594) and Camellia chekiangoleosa (ADW11243). Southern blot analysis indicated that at least five pks genes are present in M. decemfidum. Additionally, transcription analysis revealed that pks gene expression was higher in roots than in other tissues (shoots, leaves, stems, flower buds and flowers). In conclusion, the characterization and cloning of the MdCHS gene further elucidates its role in flavonoid biosynthesis.
Introduction
The Melastomataceae family is distributed in tropical and subtropical regions and comprises more than 4,000 species worldwide. In Southeast Asia, the Melastoma genus encompasses 22 species, 2 subspecies and 3 varieties (Rajenderan 2010; Joffry et al. 2012) . Melastoma decemfidum is known as the straits rhododendron or locally as 'Senduduk Putih' and thrives in waste grounds and open fields (Khatijah & Noraini 2007) . Traditionally, plant extracts of M. decemfidum have been used to treat mouth ulcers, toothaches and sinusitis and have been employed as a diuretic (Zakaria & Mohd 1994; Lohezic-Le et al. 2002) . Several flavonoids, such as rutin, quercitrin, quercetin (Nazlina et al. 2008) , naringenin and kaempferol, have been identified from M. decemfidum tissue (Susanti et al. 2007; Sarju et al. 2012) . Furthermore, crude flower extracts have demonstrated strong cytotoxic effects in MCF7 (Susanti et al. 2007) and HeLa cell lines (Zakaria et al. 2011) .
The chalcone synthase (CHS) enzyme (EC.2.3.1.74) is a member of the CHS superfamily and functions to condense a phenylpropanoid CoA ester with three acetate units from malonyl-CoA molecules to produce naringenin chalcone (Janna et al. 2007; Koduri et al. 2010) , which is an essential precursor in the flavonoid biosynthetic pathway (Han et al. 2006a) . CHS gene (chs) expression can be induced by several stresses, such as UV light, bacterial or fungal infection, and parthenocarpy of tomato fruits (Schijlen et al. 2007 ), which eventually results in the accumulation of flavonoid and isoflavonoid phytolexins (Dao et al. 2011) . The chs gene has been cloned from numerous plant species, such as Anthurium andraeanum (GenBank accession No.: AY232492), Vitis vinifera (FQ379425), Rhododendron simsii (AJ413277) and Nelumbo nucifera (FJ999627).
However, a detailed assessment of the M. decemfidum chs (MdCHS) has not been reported. In this paper, we cloned the full-length polyketide synthase gene (pks) from a local medicinal plant, M. decemfidum, (MdCHS gene) into the pGEM-T Easy vector and characterized its functions for the first time.
Material and methods
Plant materials M. decemfidum plants were grown and maintained in a greenhouse at the Faculty of Biosciences and Medical Engi- neering, Universiti Teknologi Malaysia (UTM), until maturation and then used as starting material for cDNA extraction. The plants were deposited in the Herbarium, Universiti Kebangsaan Malaysia (UKM), Bangi, Selangor, Malaysia, and the voucher specimen was UKMB 40207.
Nucleic acid extraction
The total M. decemfidum RNA and genomic DNA were extracted using a modified CTAB method (Jamalnasir et al. 2013) . RNA was extracted from 6 different tissues (shoots, leaves, stems, flower buds, flowers and roots) ( Table 1) . Only high-quality total RNA and genomic DNA, which was confirmed by A260/280 and A260/230 ratios of 1.8 to 2.0, respectively, were used for further experiments.
cDNA synthesis Isolated total RNA was treated with DNase I (QIAGEN, Hilden, Germany) prior to cDNA synthesis, and cDNA was synthesized using the Sensiscript RT kit (QIAGEN, Hilden, Germany) for real-time PCR experiments. For real-time PCR analysis, the cDNA was prepared using the QuantiTect RT kit (QIAGEN, Hilden, Germany) according to the manufacturer's instructions.
MdCHS gene isolation
Real-time PCR was performed from cDNA using the GoTaq DNA Polymerase (Promega, Madison, USA) to amplify the partial MdCHS gene, sized at ∼1,049 bp. Degenerate primers were designed based on the conserved chs sequence from six different plants species. The primers were dCHS-F: 5'-CC(G/T)GACTACTACTTCCG(G/C)ATC-3' and dCHS-R: 5'-CTGTG(G/C)AGGAC(A/G)ACAGTC TC-3'. The thermocycling conditions included an initial denaturation at 94
• C for 3 min followed by 30 cycles at 94
• C for 1 min, 54
• C for 1 min, and 72
• C for 2 min and a final extension at 72
• C for 10 min. The amplified fragments were cloned into the pGEM-T Easy vector (Promega, Madison, USA) and sequenced, and specific primers for rapid amplification of cDNA ends (RACE) were designed based on the sequence. The full-length MdCHS gene was amplified according to the recommended instructions of the SMARTer RACE cDNA Amplification kit (Clontech, Shiga, Japan). The specific primers used for RACE were 5'CHS: 5'-TGAGCCCGGGAACGTCTTTCAGGAG-3' and 3'CHS: 5'-CGCTGGATGCGAGGCAGGATATGGT-3'. RACE amplifications were performed using the Advantage 2 PCR kit recommended by Clontech. The amplified products were cloned into the pGEM-T Easy Vector (Promega, Madison, USA) and were sequenced and analysed using the BLAST (Altschul et al. 1990 ) at the National Center for Biotechnology Information.
Southern blot analysis
Southern blotting was performed using the DIG High Prime DNA Labeling and Detection Starter Kit 1 (Roche, 1484 H. Jamalnasir et al. Mannheim, Germany). Genomic DNA (15 µg) was digested with PstI, EcoRV, and XbaI and subjected to gel electrophoresis using a 1.5% (w/v) agarose gel at 50 V for 3 h, and then transferred onto a nylon membrane (Sambrook & Russell 2001) . The nylon membrane was incubated with a probe that was generated using the DIG High Prime DNA Labeling and Detection Starter Kit 1 (Roche, Mannheim, Germany).
Real-time PCR Two-step real-time PCR was performed to analyse the expression profiles of the pks genes, including MdCHS, from different M. decemfidum tissues. Six different tissues, the shoot, leaf, stem, flower bud, flower and root, were assessed, and the real-time PCR procedures were repeated at least twice for each sample using the QuantiFast SYBR Green PCR Kit (QIAGEN, Hilden, Germany). Table 2 presents the primers, which were designed using Primer3, that were used for real-time PCR analysis (Rozen & Skaletsky 2000) . The thermocycling conditions included an initial activation step for 5 min at 95 
Phylogenetic analysis
The phylogenetic trees were constructed with a multiple sequence alignment using the BioEdit Sequence Alignment Editor and generated using the Mega5 (Tamura et al. 2011) with the neighbour-joining method (Saitou & Nei 1987) . The confidence values for individual branches were assessed from 1,000 bootstrap replicates of the original sequence data.
Results

MdCHS gene isolation
A full-length MdCHS cDNA sequence was successfully synthesized using the RACE-PCR method. For the M. decemfidum samples, a ∼1.0-kb fragment was amplified using 5' RACE, and a ∼1.2-kb fragment was amplified using 3' RACE ( Fig. 1) (GenBank accession No. KF234569). The full-length MdCHS gene sequence is presented in Figure 2 . The deduced amino acid sequence obtained from the ExPASy server (http://web.expasy.org/translate/) was analysed using the BLASTP. The results demonstrated that three active-site residues were present, and the BLASTP analysis suggested that the MdCHS gene sequence was CHS-like and belonged to the condensing enzyme superfamily.
MdCHS Southern blot analysis
To investigate whether MdCHS belonged to a multigene family, M. decemfidum genomic DNA was digested with PstI, EcoRV and XbaI, and five distinct hybridization bands were detected in all samples (Fig. 3) . Southern blot analysis revealed the presence of five bands, suggesting that there are five pks genes in the M. decemfidum genome.
Relative pks gene expression in different tissues
The PKS transcripts were detected in all tissues using real-time PCR (Fig. 4) . The highest transcript level was observed from the root, and the lowest transcript level was detected from the leaf (Fig. 5) . The relative pks gene expression in different tissues compared to that in leaves varied [root (5.76-fold); stem (4.62-fold); shoot (3.26-fold); flower (3.18-fold); and flower bud (1.70-fold)]. This finding suggested that the pks genes are preferentially expressed in some organs, particularly in the roots.
Phylogenetic analysis
To investigate the evolutionary relationships between the MdCHS gene and those of the other selected species, two phylogenetic analyses were performed. Figure 6 presents the phylogenetic tree that was constructed based on the relatedness between CHS and non-CHS enzymes. The chs genes from medicinal plants are indicated by dots. Figure 7 demonstrates a phylogenetic analysis of CHS amino acid sequences from different plant species.
Discussion
Sequence analysis of the putative MdCHS gene
The size of the amplified putative MdCHS gene was 1,355 bp, which included an open reading frame of 1,176 bp. The start (ATG) and the stop (TAG) codons were identified at the 86 th and 1,258 th base pairs, respectively. The MdCHS gene was predicted to comprise 391 amino acid residues and to have a calculated theoretical pI value of 5.77 and a predicted molecular weight of 42,699 Da (∼42.7 kDa). The calculated amino acid sequence length (391 residues) and predicted molecular weight (42.7 kDa) fell within the average values for CHS proteins from other plant families and species. The BLAST analysis revealed that the MdCHS gene was similar to several chs gene sequences from different plant species. The predicted amino acid sequence was extremely similar to the sequences of Anthurium andraeanum (81%; GenBank accession No. AY232492), Camellia sinensis (91%; UniProt accession No. P48387) and Camellia chekiangoleosa (91%; GenBank accession No. ADW11243) ( Table 3) .
Multiple MdCHS gene sequence analyses with other plant species, including Prunus avium (ADZ547 80), Hypericum sampsonii (AFU52909), Camellia sinensis (P48387), Gossypium hirsutum (AEO96985) and Nelumbo nucifera (ADD74168), demonstrated that the regions containing the catalytic triad of cysteine, Histidine and asparagine residues are highly conserved. Figure 8 presents the CHS active site residues of Cys164, His303, and Asn336 and a signature GFGPG loop (372) (Suh et al. 2000) .
Southern blot analysis of the MdCHS gene
The organization of the chs genes varies greatly between different species. For example, parsley (Petroselinum crispum), Antirrhinum and Arabidopsis thaliana harbour only one chs gene in their genomes, whereas other species, such as petunias (Petunia hybrida), French beans (Phaseolus vulgaris) and soybeans (Glycine max), harbour 6 to 10 gene copies (Dangl et al. 1989) . In this study, we detected as many as five pks genes in the M. decemfidum genome. Different plant species have different number of pks genes; for example, Arabidopsis has four and Physcomitrella possesses as many as 17 (Koduri et al. 2010) .
CHS is an enzyme that is essential for plant adaptation and evolution, and it participates in the biosynthetic pathway of secondary plant metabolites. The genes of the CHS family, which have evolved by gene duplication events, encode enzymes with diverse functions (Clegg et al. 1997; Durbin et al. 2000) . The presence of multiple chs genes in several plant species may be adaptively advantageous to the plant by increasing the production of limiting products, introducing new enzymatic reactions and optimizing pathway throughputs in different tissues and in the plant life cycle (Durbin et al. 2000) .
Several pks genes may promote the high production of flavonoids in M. decemfidum leaves, flower and roots (Zakaria & Mohd 1994; Lohezic-Le et al. 2002; Susanti et al. 2007) , and the production of flavonoids is primarily catalysed by CHS enzymes. Hence, several pks genes could enhance the mRNA transcript production, which would eventually be translated into the CHS family enzymes. A similar finding was reported for the chs genes in conifers, where a large number of chs multigene families were suggested to promote high CHS activity during certain stages of the conifer life cycle (Richard et al. 2000) .
Relative expression of the pks genes in different tissues
Although pks gene expression was detected in all tested M. decemfidum tissues, the highest expression level was observed in the roots. High chs expression in the roots was also described for several plant species, such as soybeans, alfalfa and peas (Harker et al. 1990; Estabrook & Sengupta-Gopalan 1991) . For example, high chs transcript levels were detected in Medicago sativa root tips and whole young roots, but extremely low levels were detected in the aerial parts of the plant, such as the stems, leaves and flowers (McKhann & Hirsch 1994) . A study of the Phaseolus vulgaris chs promoter in to- bacco revealed an extremely strong root GUS activity, but the activity in the stems and floral buds was low (Dubery & Mienie 2001) . The highest root chs gene expression was also observed in another local medicinal plant, Polygonum minus (Roslan et al. 2013) . Conversely, Pueraria candollei displayed the highest chs expression in the leaves, followed by the roots and stems (Wiriyaampaiwong et al. 2012) . High chs expression in roots may be attributed to the roots' central role in plant interactions with microorganisms, which include symbiotic, virulent or avirulent pathogens (Dhawale et al. 1989) .
The expression of the pks genes in flower tissues was supported by their high accumulation of flavonoids (Susanti et al. 2007 ). The chs genes have also been reported to participate in flower development of numerous plants, such as morning glory, tobacco, Petunia hybrida and Anthurium andreanum (Gerats et al. 1984; van Tunen et al. 1988; Dangl et al. 1989; Durbin et al. 2000) . However, pks genes are expressed at low levels in the flower buds of M. decemfidum (white flower), and introducing an antisense chs into petunia inhibited the CHS enzyme and formed white flower tissue (van der Krol et al. 1990 ). Further TLC analysis of extracts from the white parts of petunia flowers revealed that anthocyanins and flavonols were not detected, suggesting that pigment synthesis was blocked at the enzymatic level of CHS (van der Krol et al. 1990) . Those findings supported the low pks gene expression that was observed in the flower buds of Fig. 7 . Phylogenetic analysis of MdCHS (box) with other CHS genes. The chs gene of Zea mays was used as an out-group to root the tree. Confidence values were assessed from 1,000 bootstrap replicates of the original sequence data.
M. decemfidum (white flower). The expression profiles of chs genes are diverse and more closely correlate with tissue-specific expression than with enzymespecific functions (Tuteja et al. 2004) . Another study also suggested that chs gene expression does not exclusively correlate with anthocyanin production but also depends on flavonoid biosynthesis (Liew et al. 1998 ). Jiang et al. (2008) suggested that phylogenetic analysis of the chs gene in angiosperms might be a good indicator of the enzymatic function the CHS family of enzymes. An enzyme grouped into the CHS cluster is likely a CHS enzyme, whereas an enzyme that is clustered with non-CHS enzymes is likely a non-CHS enzyme (Jiang et al. 2008 ). In Figure 6 , the MdCHS gene (Suh et al. 2000; Jiang et al. 2006) . Box I, box II and box III are conserved regions with Cys164, His303 and Asn336, respectively, at the active site; and box IV is the conserved region with the signature GFGPG loop (372).
Phylogenetic analysis
was clustered with other chs genes from several plant species, which supports that the MdCHS isolated from M. decemfidum in this study may encode a bona fide CHS. Figure 7 illustrates that the MdCHS gene sequences are clustered in a branch with H. perforatum and H. sampsonii, with a bootstrap support value of 13%. According to BLASTX, species such as C. sinensis, C. chekiangoleosa, R. simsii, and V. vinifera display the highest similarity (up to 91%) with the chs gene sequences of MdCHS (Table 3) . However, phylogenetic analysis revealed that M. decemfidum did not cluster among those tested species. Conversely, M. decemfidum displays a long-branch length within the phylogeny, which is indicative of accelerated rates of nucleotide substitution compared to other plant species (Han et al. 2006b ).
Conclusion
A putative full-length pks cDNA sequence from M. decemfidum was successfully cloned and characterized for the first time. A putative full-length pks gene, Md-CHS (1,355 bp), was amplified from M. decemfidum, revealing an open reading frame of 1,176 bp that was similar to other known chs genes. We identified four conserved regions, including three active-site residues (cysteine, histidine, and asparagine) and a signature GFGPG loop, which are characteristic of the plant CHS protein family. The isolation of MdCHS enables further investigation of its role in flavonoid biosynthesis. In addition, the MdCHS protein needs to be characterized by overexpressing it in Escherichia coli to determine whether it has CHS or CHS-like activity.
